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³/RZ &R0R´ FRQFHSW E\ IXUWKHU WKHUPRG\QDPLF DQG G\QDPLFV FDOFXODWLRQ ZLWK 7KHUPDO&DOF DQG -PDWSUR
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7KHQWKHQHZDOOR\DIWHUKHDWWUHDWPHQW&PLQ:&&K$&ZDVDJHGDW&&DQG
&IRUKKDQGK7KHPLFURVWUXFWXUHDQGVWUXFWXUHVWDELOLW\RIKHDWWUHDWHGDQGDJLQJFRQGLWLRQ
VDPSOHVZHUHHYDOXDWHGE\=(,666835$70ILHOGHPLVVLRQVFDQQLQJHOHFWURQPLFURVFRS\)(6(0DQG7HFQDL
*)67:,1WUDQVPLVVLRQHOHFWURQPLFURVFRS\7(07KH6(0VDPSOHVRIWHVWHGDOOR\ZHUHJURXQGWR
JULWDQGPHFKDQLFDOO\SROLVKHGWKHQHOHFWURHWFKHGZLWKVROXWLRQRI+62DQG&+2+IROORZHGE\+32+62
DQG&U27KH7(0VDPSOHVZHUHPHFKDQLFDOO\JURXQGWRDERXWȝPLQ WKLFNQHVV'LVFVRIPPLQGLDPHWHU
ZHUH WKHQ SXQFKHG IURP WKH WKLQ VOLFH DQG WKHQ WZLQMHW HOHFWURSROLVKHG DW  & DQG YROWDJH RI 9 XVLQJ D
VROXWLRQRIPOSHUFKORULFDFLGDQGPOHWKDQRO&KDUS\9QRWFKVDPSOHVîîPPZHUHSHUIRUPHGDW
URRPWHPSHUDWXUHDQGURRPWHPSHUDWXUHPLFURKDUGQHVVZDVDOVRPHDVXUHGRQWKLVVHULHVRIVDPSOHV7KHIUDFWXUH
PRUSKRORJ\ZDVDQDO\]HGE\-606(0
5HVXOWDQGGLVFXVVLRQ
3.1. The effect of alloy elements on precipitates 
3.1.1. GCP phases 
*&3SKDVHVJ
DQGKPDLQO\FRQWDLQ1L$O7L1EDQG&RDVVKRZQLQ7DEOH7KHHIIHFWRI1E7LDQG$ORQ
*&3ZLOOEHVWXGLHGIXUWKHULQWKLVVHFWLRQDVVKRZQLQ)LJDQGWKHHIIHFWRI&RRQKSKDVHZLOOEHLQWURGXFHGLQ
VHFWLRQ)LJVKRZVWKDWPRUHJ
SKDVHSUHFLSLWDWHVDW&ZLWKWKHLQFUHDVLQJFRQWHQWRI$ODQG7LZKHQ
WKH1EFRQWHQWLVVROLGOLQHRUGDVKHGOLQH+RZHYHULIWKH7L$OUDWLRLVKLJKWKHPDVVIUDFWLRQRIJ

UHPDLQVXQFKDQJHGHYHQGHFUHDVHVZLWKWKHLQFUHDVLQJFRQWHQWRI7L$FFRUGLQJO\DVVKRZQLQ)LJWKHUHDSSHDU
EUHDNSRLQWVRQWKHLVROLQHVRIJ
PDVVIUDFWLRQ,QDGGLWLRQKSKDVHSUHFLSLWDWHVZKHQ7L$OUDWLRLVKLJKHUWKDQWKH
FULWLFDOYDOXHDERXWLIZ1E DQGLIZ1E 7KHFRQWHQWVRI7LDQG$ORQWKHERXQGDU\RIJ
DQGJ
K
DUHDVOLQHPDQGPZKHQZ1E DQGWKHVORSHRIWKHVHWZROLQHVLVDQGDSSUR[LPDWHO\ILW
OLQHDUUHODWLRQ:KHQWKH7L$OUDWLRLVORZWKHPDVVIUDFWLRQRIJ
ULVHVIRUDVWKHFRQWHQWRI1ELQFUHDVHV
IURPWR+RZHYHULIWKH7L$OUDWLRLVKLJKWKHLQIOXHQFHRI1ERQWKHJ
PDVVIUDFWLRQLVQRWREYLRXV$V
WKHFRQWHQWRI1ELQFUHDVHV WKHERXQGDU\RIJ
DQGJ
KPRYHVWRWKHULJKWZKLFKLQGLFDWHVWKDW1ESURPRWHVWKH
SUHFLSLWDWLRQRIKSKDVH


)LJ7KHMRLQWHIIHFWRI1E7LDQG$ORQSUHFLSLWDWLRQEHKDYLRURIJ
DQGK/LQHPDQGPLVWKHERXQGDU\RIJ
DQG
J
KDUHDVZKHQWKH1EFRQWHQWLVDQGUHVSHFWLYHO\2WKHUOLQHVDUHWKHPDVVIUDFWLRQLVROLQHVRIJ
DW&
7RVXPXS$ODVWKHVWDEOHHOHPHQWIRUJ
SKDVHFDQSURPRWHWKHSUHFLSLWDWLRQRIJ
DOVRUHVWUDLQWKHSUHFLSLWDWLRQ
RIK7LDQG1EDUHDEOHWRSURPRWHWKHSUHFLSLWDWLRQRIJ
SKDVHLIWKH7L$OUDWLRLVORZ+RZHYHUZKHQWKH7L$O
UDWLR LVKLJK WKHPDVV IUDFWLRQRIJ
 UHPDLQVXQFKDQJHG HYHQGHFUHDVHVDV WKHFRQWHQWRI7L DQG1E LQFUHDVH ,Q
DGGLWLRQERWK7LDQG1EFDQSURPRWHWKHIRUPDWLRQRIKSKDVH
620   Y.S. Wu et al. /  Procedia Engineering  130 ( 2015 )  617 – 627 
3.1.2. TCP phases 
7&3SKDVHVGHWHULRUDWHWKHDOOR\SURSHUWLHVDQGGHFUHDVHVVHUYLFHOLIH,QFRQVHTXHQFHWKHSUHFLSLWDWLRQRI7&3
VKRXOGEHUHVWUDLQHGIRUDQHZDOOR\GHVLJQ7KHUHIRUHWKHHIIHFWRI&U&RDQG0RRQıSKDVHDVZHOODV&U&R0R
DQG:RQȝSKDVHZLOOEHLQWURGXFHGLQWKLVVHFWLRQDFFRUGLQJWR7DEOH
DVSKDVH
7KHHIIHFWRI&U&RDQG0RRQıSKDVHIRUPDWLRQLVVKRZQLQ)LJ7KHVROYXVWHPSHUDWXUHDQGPDVVIUDFWLRQ
RIıSKDVHLQFUHDVHOLQHDUO\ZLWKWKHLQFUHDVLQJFRQWHQWVRI&U&RDQG0RUHVSHFWLYHO\7KHUHODWLRQEHWZHHQ&U
&RDQG0RFRQWHQWVDQGVROYXVWHPSHUDWXUHRUPDVVIUDFWLRQRIıSKDVHLVREWDLQHGZLWKOLQHDUILWDVVKRZQLQ)LJ
7RFRQGXFWDTXDQWLWDWLYHDQDO\VLVRIWKHVHHOHPHQWVHIIHFWVRQSUHFLSLWDWLRQEHKDYLRURIVWKHVORSHVRIWKHVHOLQHDU
ILWWLQJHTXDWLRQVDUHUHSUHVHQWHGE\67NLDQG0)NLUHVSHFWLYHO\67NLPHDQVWKHLQIOXHQFHH[WHQWRINHOHPHQWXQLW
FRQWHQWYDULDWLRQRQWKHVROYXVWHPSHUDWXUHRILSKDVH7KHELJJHUDEVROXWHYDOXHRI67NL_67NL_PHDQVWKHJUHDWHU
HIIHFWRINHOHPHQWRQWKHVROYXVWHPSHUDWXUHRILSKDVH6LPLODUO\0)NLPHDQVWKHLQIOXHQFHH[WHQWRINHOHPHQW
XQLWFRQWHQWYDULDWLRQRQ WKHPDVV IUDFWLRQRI LSKDVH)LJVKRZV WKDW _67&UV_  _67&RV_  _670RV_ 
_0)&UV_  _0)&RV_  _0)0RV_  WKDW LV _670RV_!_67&UV_!_67&RV_ _0)&UV_!_0)0RV_!_0)&RV_ ,Q RWKHU
ZRUGV&U&RDQG0RSURPRWHıSKDVHIRUPDWLRQ


)LJ7KHSUHFLSLWDWLRQEHKDYLRURIıSKDVHDVDIXQFWLRQRI&U&RDQG0RFRQWHQWVD6ROYXVWHPSHUDWXUHRI
ıDVDIXQFWLRQRI&U&RDQG0RFRQWHQWVE0DVVIUDFWLRQRIıDVDIXQFWLRQRI&U&RDQG0RFRQWHQWV
EPSKDVH
7KHHIIHFWRI&U&R0RDQG:RQPSKDVHLVVKRZQLQ)LJ7KHVROYXVWHPSHUDWXUHDQGPDVVIUDFWLRQRIP
SKDVHLQFUHDVHOLQHDUO\ZLWKWKHLQFUHDVLQJFRQWHQWVRI&R0RDQG:+RZHYHU7KHVROYXVWHPSHUDWXUHDQGPDVV
IUDFWLRQRIPSKDVHGHFUHDVHOLQHDUO\ZLWKWKHLQFUHDVLQJFRQWHQWVRI&U7KHUHODWLRQEHWZHHQHOHPHQWVFRQWHQWVDQG
VROYXVWHPSHUDWXUHRUPDVVIUDFWLRQRIıSKDVHLVREWDLQHGZLWKOLQHDUILW$VVKRZQLQ)LJ _67&UP_  _67&R
P_  _670RP_  _67:P_  _0)&UP_  _0)&RP_  _0)0RP_  _0):P_  WKDW LV _670RP_!_67&U
P_!_67:P_!_67&RP_ _0)0RP_!_0)&UP_!_0):P_!_0)&RP_ ,QRWKHUZRUGV0RDQG:SURPRWHPSKDVHSUHFLSLWDWLRQ
REYLRXVO\ZKLOH&UGHFUHDVHVWKHIRUPDWLRQRIPSKDVH
,QDGGLWLRQWKHSUHFLSLWDWLRQEHKDYLRURI0&LVPDLQO\FRQWUROOHGE\&HOHPHQW7KHPDVVIUDFWLRQRI0&LV
DOVRPDLQO\FRQWUROOHGE\&HOHPHQWVDQGKLJKFRQWHQWVRI7LDQG1EDUHLQDGYLVDEOH
3.2. New alloy design 
3.2.1. A “Low Co-Mo” Ni-base alloy 
7DEOH  VKRZV WKH FKHPLFDO FRPSRVLWLRQV wt RI PDLQ FDQGLGDWH PDWHULDOV IRU  & $86&
VXSHUKHDWHUUHKHDWHU DSSOLFDWLRQ VXFK DV ,QFRQHO% +D\QHV 1LPRQLF DQG ,QFRQHO + >@ 7KH
FRPELQHGVROLGVROXWLRQVWUHQJWKHQLQJRI&U&R0RLVDGRSWHGLQPRVWRIWKHVHDOOR\V7KH&UFRQWHQWLQDOODOOR\VLV
KLJKHUWKDQWRHQVXUHWKHR[LGDWLRQFRUURVLRQUHVLVWDQFH+RZHYHUWKHUDWLRRI&RDQG0RFRQWHQWVLVGLIIHUHQW
ZKLFKLVPDLQO\FODVVLILHGLQWRWKUHHW\SHVDVIROORZVORZ&RDQGKLJK0R,QFRQHO%DQG+D\QHVKLJK&R
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DQGPHGLXP0R1LPRQLFWRJHWKHUZLWKKLJK&RDQGORZ0R,QFRQHO+$FFRUGLQJWRWKHFDOFXODWLRQ
UHVXOWVDERYHPRO\EGHQXPFDQSURPRWHWKHIRUPDWLRQRIıDQGȝSKDVHREYLRXVO\)LJDQG)LJ2QWKHRWKHU
KDQG KLJKPRO\EGHQXP FRQWHQWZLOO GHFUHDVH WKH FRUURVLRQ UHVLVWDQFH WR IOXH JDV DVK >@ &REDOW SURPRWHV WKH
IRUPDWLRQRI Ș ı DQGȝ VLPXOWDQHRXVO\ )LJ  ,Q DGGLWLRQ FREDOW LV D NLQGRI VWUDWHJLF UHVRXUFH LQ WKHZRUOG
7KHUHIRUH WKHFRQFHSWRI ³/RZ&R0R wt&Rwt0R´1LEDVH1EFRQWDLQLQJ VXSHUDOOR\ LV WDNHQ LQ
FRQVLGHUDWLRQ


)LJ7KHSUHFLSLWDWLRQEHKDYLRURIPSKDVHDVDIXQFWLRQRI&U&R0RDQG:FRQWHQWVD6ROYXVWHPSHUDWXUHRI
PDVDIXQFWLRQRI&U&R0RDQG:FRQWHQWVE0DVVIUDFWLRQRIPDVDIXQFWLRQRI&U&R0RDQG:FRQWHQWV
7DEOH&KHPLFDOFRPSRVLWLRQVRIWKHPDLQFDQGLGDWHPDWHULDOVIRU&$86&VXSHUKHDWHUUHKHDWHUDSSOLFDWLRQVwt
$OOR\ $60(FRGH
(OHPHQWV
& 1L &U &R 0R : 1E 7L $O )H
+D\QHV   EDO        
,QFRQHO%   EDO        
1LPRQLF   EDO        
,QFRQHO   EDO        
,QFRQHO+   EDO        
+D\QHV   EDO        



)LJ7KHSUHFLSLWDWLRQEHKDYLRURIDȘEıDQGFȝSKDVHDVDIXQFWLRQRI&R
3.2.2. The reasonable content range of main alloying elements 
7KHLPSOHPHQWDWLRQRI³/RZ&R0R´LQQHZDOOR\FDQUHGXFHFRVWUHVWUDLQWKHIRUPDWLRQRIKDUPIXOSKDVHVV
ȝKDQGHQVXUHJRRGR[LGDWLRQFRUURVLRQUHVLVWDQFHRQWKHEDVLVRIKLJKFKURPLXPFRQWHQW!wt+RZHYHU
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ORZ &R0RZLOO ZHDNHQ VROXWLRQ VWUHQJWKHQLQJ HIIHFW RI WKH DOOR\ 7KHUHIRUH WKH &U&R0R: FRPELQHG VROLG
VROXWLRQ VWUHQJWKHQLQJ HVSHFLDOO\ WKH FRPELQDWLRQ RIPRO\EGHQXP DQG WXQJVWHQ LV DGRSWHG LQ RUGHU WR JHQHUDWH
SUHIHUDEOHVROXWLRQVWUHQJWKHQLQJHIIHFW0HDQZKLOHWKHFRQWHQWRISUHFLSLWDWLRQVWUHQJWKHQLQJHOHPHQWV1E7LDQG
$O VKRXOG EH LQFUHDVHG SURSHUO\ IRU EHWWHU SUHFLSLWDWLRQ VWUHQJWKHQLQJ HIIHFW 2Q WKH EDVLV RI ORZ &R0R WKH
UHDVRQDEOHFRQWHQWUDQJHZLOOEHFRQILUPHGE\WKHUPRG\QDPLFDQGG\QDPLFFDOFXODWLRQQH[W
D7KHFRQWHQWUDQJHRI&U0RDQG:
7KHHIIHFWRI&U&R0RDQG:RQWKHSUHFLSLWDWLRQRI7&3SKDVHVVȝDW&LVSUHGLFWHGE\-PDW3UR7KH
FRQWHQW RI &R LV OLPLWHG WR  EHFDXVH RI WKH DFFHOHUDWLRQ RIK SKDVH IRUPDWLRQ ,W LV QRWLFHG WKDW ZLWKLQ WKH
FDOFXODWHGFKHPLFDOFRPSRVLWLRQUDQJHQRȝSKDVHSUHFLSLWDWHVEHVLGHVWKLVZKHQWKHFRQWHQWRI&RLVEHORZ
QRVSUHFLSLWDWHV7KHUHIRUHWKHLQIOXHQFHRI&U0RDQG:RQVSKDVHLVIXUWKHUVWXGLHG1RZZHVHWDYDULDEOH
WVWKDWLVWKHWLPHQHHGHGIRUSUHFLSLWDWLQJRIVSKDVHLQRUGHUWRFRQGXFWDTXDQWLWDWLYHDQDO\VLVRI&U0R
DQG:HIIHFWVRQWKHSUHFLSLWDWLRQEHKDYLRURIV$VVKRZQLQ)LJWKHUHODWLRQVKLSEHWZHHQ&U0R:FRQWHQW
DQG WV PHHWV WKH %ROW]PDQQ UHODWLRQ $V WKH FRQWHQW RI &U 0R DQG : LQFUHDVHV UHVSHFWLYHO\ WKH YDOXH RI
WVILUVWO\GHFUHDVHVUDSLGO\DQGWKHQUHPDLQVVWDEOH,QRWKHUZRUGV LI&U0RDQG:FRQWHQWKDVH[FHHGHGWKH
FULWLFDO YDOXH RI WKH FRQWHQW RI N HOHPHQW ZFN D VOLJKW LQFUHDVH RI WKLV HOHPHQWV FRQWHQW FDQ SURPRWH WKH
SUHFLSLWDWLRQRIVSKDVHGUDPDWLFDOO\7KHUHIRUHWKHFRQWHQWRI&UVKRXOGEHOLPLWHGWRZF&UDERXWDQGWKH
FRQWHQWRI0RDQG:VKRXOGEHORZHUWKDQDERXW)LJ


)LJ(IIHFWRI&U0RDQG:RQVSUHFLSLWDWLRQWVPHDQVWKHWLPHQHHGHGIRU
SUHFLSLWDWLQJRIVSKDVHZFNPHDQVWKHFULWLFDOFRQWHQWRINHOHPHQW
E7KHFRQWHQWUDQJHRI1E7LDQG$O
1E 7L DQG $O DUH J
1L0 W\SH IRUPLQJ HOHPHQWV DQG DV WKH PDLQ VWUHQJWKHQLQJ SKDVH J
 GHWHUPLQHV DOOR\
SURSHUWLHV GLUHFWO\+RZHYHU J
 LV DPHWDVWDEOH SKDVH DQGPD\ WUDQVIRUP LQWRK SKDVH DW ORQJWHUP VHUYLFH7KH
SUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFWLVFORVHO\UHODWHGWRWKHJ
SKDVHPDVVIUDFWLRQDQGVWDELOLW\7KHPDVVIUDFWLRQRIJ

SKDVHVVKRXOGEHJUHDWHUWKDQLQRUGHUWRHQKDQFHWKHSUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFW+RZHYHUH[FHVVLYHJ

ZLOO GHWHULRUDWH ZRUNDELOLW\ 7KHUHIRUH WKHPDVV IUDFWLRQ RI J
 LV OLPLWHG WR  ,Q DGGLWLRQ J
 SKDVH VKRXOG EH
FKDUDFWHULVWLFZLWKJRRGVWDELOLW\DWKLJKWHPSHUDWXUHORQJWHUPVHUYLFH6RSKDVHWUDQVLWLRQIURPJ
 WRKVKRXOGEH
UHVWUDLQHG &RUUHVSRQGLQJO\ WKH FRQWHQW RI 1E 7L DQG $O LV H[SHFWHG WR ORFDWH LQ J
 DUHD DV VKRZQ LQ )LJ 
0RUHRYHU WKH ORZ FRDUVHQLQJ UDWH RI J
 LV EHQHILFLDO IRU NHHSLQJ SUHFLSLWDWLRQ VWUHQJWKHQLQJ DW KLJKWHPSHUDWXUH
ORQJWHUPVHUYLFH7KHFRDUVHQLQJUDWHRIJ
 LQFUHDVHVZLWKWKHLQFUHDVLQJPLVPDWFKRIJPDWUL[DQGJ
GJJ
ZKLFK
ZHDNHQVWKHSUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFW:KLOHDYHU\ORZPLVPDWFKRIJJ
PD\ZHDNHQWKHHODVWLFVWUHVVILHOG
JHQHUDWHGE\FRKHUHQF\VWUDLQDQGWKHQGHFUHDVHWKHSUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFW>@7KHPLVPDWFKRIJJ
IRU
WKHPDLQFDQGLGDWHPDWHULDOVLVFDOFXODWHGE\-PDW3UR7KHPD[LPXPRIGJJ
LVDERXW,QFRQHO+DQGWKH
PLQLPXP LV DERXW  1LPRQLF 7KHUHIRUH WKHPLVPDWFK RI JJ
 LV OLPLWHG WR 3XW DOO WKH
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OLPLWDWLRQ LQWR RQH ILJXUHZKLFK FDQ UHYHDO WKH UHDVRQDEOH FRQWHQWV UDQJH RI$O DQG7L DW FHUWDLQ1E FRQWHQW DV
VKRZQLQ)LJ


)LJ7KHUHDVRQDEOHUDWLRUDQJHRI1E7LDQG$OZKLFKLVGHWHUPLQHGE\J
PDVVIUDFWLRQDQG
ERXQGDU\RIJ
J
KDUHDVWRJHWKHUZLWKPLVPDWFKRIJJ

3.3. Microstructure stability of new alloy 
%DVHGRQ WKHDQDO\VLVPHQWLRQHGDERYHDQHZ1LEDVHDOOR\RI ORZ&R0RFRQWHQW1L&U&R0R:
1E7L$O&wtZDVGHWHUPLQHG7KURXJKWKHPHWDOOXUJLFDODQGKRWFROGZRUNLQJSURFHVVLQJWKHWXEH
SURGXFWRIQHZO\GHVLJQHGDOOR\KDVEHHQVXFFHVVIXOO\PDQXIDFWXUHG7KHHTXLD[HGJUDLQVRIPPGLDPHWHURQ
DYHUDJHZHUHREWDLQHGDIWHUKHDWWUHDWPHQW&PLQ:&&K$&DVVKRZQLQ)LJD$QGWKH
PRUSKRORJ\RIVSKHURLGDOJ
SKDVHZLWKWKHPHDQUDGLXVRIDERXWQPDIWHUKHDWWUHDWPHQWLVVKRZQLQ)LJE


)LJ7KHJUDLQDDQGJ
EPRUSKRORJ\DIWHUKHDWWUHDWPHQW
)LJXUHDVKRZVWKHPRUSKRORJ\RIJ
SKDVHDIWHUORQJWLPHDJLQJWLOOKDW&&DQG&7KH
J
JURZVJUDGXDOO\ZLWKWKHLQFUHDVHRIDJLQJWHPSHUDWXUHDQGWLPH7KHFRDUVHQLQJUDWHRIȖƍSKDVHLVYHU\ORZZKHQ
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WKHDJLQJWHPSHUDWXUHLV&$IWHUKDJLQJDW&WKHPHDQUDGLXVRIȖƍSKDVHLVDERXWQPRQO\DV
VKRZQLQ)LJE1HYHUWKHOHVVWKHFRDUVHQLQJUDWHRIȖƍSKDVHPLOGO\LQFUHDVHVLIWKHDJLQJWHPSHUDWXUHLV&
RU&7KHPHDQUDGLXVRIȖƍSKDVHKDVLQFUHDVHGWRDERXWQPDIWHUKDJLQJDW&RU&$QG
WKHFRDUVHQLQJUDWHRIȖƍLVVLPLODUWRWKDWLQ,QFRQHO+>@)LJFDQG)LJGVKRZVWKH7(0PRUSKRORJ\
DQG6$'SDWWHUQRIWKHȖȖƍDIWHUKDJLQJDW&7KHȖƍH[KLELWDVOLJKWO\FXERLGDOPRUSKRORJ\1RKDUPIXO
SKDVHVDVKVRUPKDYHEHHQGHWHFWHGLQWKLVQHZDOOR\IURPHLWKHUWKH7(0LPDJHRUWKH6$'SDWWHUQ7RVXPXS
WKHQHZDOOR\FKDUDFWHUL]HVZLWKJRRGPLFURVWUXFWXUHVWDELOLW\DWKLJKWHPSHUDWXUHV


 
)LJ7KHSUHFLSLWDWLRQEHKDYLRURIȖƍSKDVHDIWHUDJLQJDWGLIIHUHQWFRQGLWLRQVD7KHȖƍPRUSKRORJ\DIWHUDJLQJDW&
&DQG&IRUKKDQGKE7KHȖƍFRDUVHQLQJEHKDYLRURIWKHQHZDOOR\DW&&DQG&
F7(0ȖƍPRUSKRORJ\DIWHUKDJLQJDW&G6$'SDWWHUQ>@EHDPGLUHFWLRQRIȖȖƍDIWHUKDJLQJDW&
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3.4. Mechanical properties of new alloy 
7KHUHVXOWVRIURRPWHPSHUDWXUHPLFURKDUGQHVVRIKHDWWUHDWPHQWDQGDJLQJVSHFLPHQVDUHVKRZQLQ)LJ7KH
URRPWHPSHUDWXUHPLFURKDUGQHVVGHFUHDVHVZLWKWKHLQFUHDVLQJRIDJLQJWLPHDQGWHPSHUDWXUH7KHFRDUVHQLQJRIJ

SUHFLSLWDWHVPD\EHWKHOHDGLQJFDXVHIRUWKHGHFUHDVHRIPLFURKDUGQHVV>@+RZHYHUWKHPLFURKDUGQHVVFDQVWLOO
NHHSLQDUHODWLYHO\KLJKOHYHODERXW+9+9DQG+9DIWHUKDJLQJDW&&DQG&
UHVSHFWLYHO\ZKLFKVKRZVDJRRGVWUHQJWKHQLQJHIIHFWDWKLJKWHPSHUDWXUHRIWKLVQHZDOOR\


)LJ5RRPWHPSHUDWXUHPLFURKDUGQHVVRIVDPSOHVDIWHUKHDWWUHDWPHQWDQGDJLQJDW&&DQG&IRUKKDQGK
5HVXOWVRIURRPWHPSHUDWXUHLPSDFWWRXJKQHVVakYDOXHVRIVDPSOHVDIWHUKHDWWUHDWPHQWDQGDJLQJDW&
&DQG&IRUKKDQGKDUHJLYHQLQ)LJ7KHLPSDFWWRXJKQHVVGURSVDVVLPLODUDVPRVW
RI WKHVXSHUDOOR\VDIWHUDJLQJDW&&DQG&)LJVKRZV WKH6(0IUDFWXUHPRUSKRORJ\RI WKH
VDPSOHV DIWHU KHDW WUHDWPHQW DQG DJLQJ DW  &  & DQG  & IRU  K $IWHU KHDW WUHDWPHQW WKH
IUDFWRJUDSKVKRZVDPL[WXUHRIGXFWLOHIUDFWXUHDQGEULWWOHIUDFWXUH>)LJD@DQGWKHYDOXHRILPSDFWWRXJKQHVVLV
 -FP7KH IUDFWRJUDSKDIWHUKDJLQJ DW &DQG & LV VLPLODU WR WKDW DIWHU KHDW WUHDWPHQW7KH
GLIIHUHQFHLVWKDWWKHSURSRUWLRQRIGXFWLOHIUDFWXUHGHFUHDVHVDVVKRZQLQ)LJFDQG)LJG$FFRUGLQJO\WKH
YDOXHRI LPSDFW WRXJKQHVVRI WKH WZR VDPSOHV LV DERXW -FP+RZHYHU WKH IUDFWRJUDSKDIWHUKDJLQJDW
&H[KLELWVDEULWWOHIUDFWXUHPRGH>)LJE@DQGWKHYDOXHRILPSDFWWRXJKQHVVKDVGURSSHGWR-FP7KH
UHDVRQ IRU WKLV SKHQRPHQRQPHQWLRQHG DERYH LV EHLQJ VWXGLHG IXUWKHU 2YHUDOO WKH QHZ DOOR\ NHHSV JRRG VROLG
VROXWLRQVWUHQJWKHQLQJHIIHFWDIWHUDJLQJDWKLJKWHPSHUDWXUH


)LJ5RRPWHPSHUDWXUHLPSDFWWRXJKQHVVakYDOXHVRIVDPSOHVDIWHUKHDW
WUHDWPHQWDQGDJLQJDW&&DQG&IRUKKDQGK
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
)LJ6(0PLFURJUDSKVRIWKHLPSDFWIUDFWXUHVXUIDFHRIVDPSOHVDIWHUDKHDWWUHDWPHQWDQGDJLQJDWE&
F&DQGG&IRUK
)XUWKHUVWXGLHVRIWKHQHZDOOR\LQFOXGLQJORQJWHUPDJLQJWHVWVWLOOWRKKLJKWHPSHUDWXUHVWUHVVUXSWXUH
SURSHUW\R[LGDWLRQDQGFRUURVLRQUHVLVWDQFHDUHLQSURJUHVV
&RQFOXVLRQV
$FFRUGLQJWRWKHFDOFXODWLRQUHVXOWVE\7KHUPDO&DOFDQG-PDW3URPRO\EGHQXPSURPRWHVWKHIRUPDWLRQRIı
ȝSKDVHREYLRXVO\DQGFREDOWSURPRWHVWKHIRUPDWLRQRIȘıȝVLPXOWDQHRXVO\
$QHZ1LEDVH1EFRQWDLQLQJ DOOR\RI ORZ&R0R1L&U&R0R:1E7L$O& wt
KDVEHHQGHVLJQHGIRU&$86&SRZHUSODQWDSSOLFDWLRQ7KHFRPELQHGVROLGVROXWLRQVWUHQJWKHQLQJRI&U&R
0R:DQGWKHSUHFLSLWDWLRQVWUHQJWKHQLQJHOHPHQWV1E7LDQG$ODUHDGRSWHGWRRSWLPL]HWKHQHZDOOR\
1R KDUPIXO SKDVHV KDYH EHHQ GHWHFWHG DIWHU  KDJLQJ DW  &  & DQG  & EHVLGHV WKH Ȗƍ
FRDUVHQLQJUDWHLVVLPLODUWR,QFRQHO+ZKLFKUHYHDOVDJRRGVWUXFWXUHVWDELOLW\RIWKHQHZDOOR\
7KHQHZDOOR\NHHSVJRRG1L1E7L$OW\SHȖƍSUHFLSLWDWLRQVWUHQJWKHQLQJHIIHFWDIWHUORQJWHUPDJLQJDW
KLJKWHPSHUDWXUHV
$FNQRZOHGJPHQWV
7KHDXWKRUVZRXOG OLNH WR WKDQNIRU WKHILQDQFLDOVXSSRUWIURP6KDQJKDL3RZHU(QJLQHHULQJ5HVHDUFK,QVWLWXWH
63(5,DQG&RPSDQKLD%UDVLOHLUDGH0HWDOXUJLDH0LQHUDomR &%00 WRJHWKHUZLWK WKH IDFLOLWLHVSURYLGHGE\
VWDWHNH\ODERUDWRU\IRUDGYDQFHGPHWDOVDQGPDWHULDOVDW8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\%HLMLQJ
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